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Abstract 
This work presents results of ultrasonic evaluation of the microstructure of spheroidal cast iron manufactured under production conditions. 
Evaluation of the ultrasonic control index’s sensitiveness to changes in microstructure (graphite shape index Ss and average number of 
graphite precipitations NA) of cast iron, was made on modelled stepped castings. A relation between the graphite precipitation shape index 
Ss and the velocity of longitudinal ultrasonic wave cL has been defined, as well as a relation between the average number of graphite pre-
cipitations NA and the velocity of longitudinal ultrasonic wave cL. 
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1. Introduction 
 
An analysis of orders for responsible constructions indi-
cates that customers are increasingly interested in spheroidal cast 
iron castings. The castings working at increased pressure are 
required to have high material compactness and to maintain their 
complex structure. The cast iron material used for such elements 
should be characteristic of the high shape index and minor graph-
ite precipitations. The element microstructure is determined by 
the magnesium content and the cast wall cooling rate. 
Because in the foundry where the studies were conducted 
the castings produced are with the wall thickness of a certain 
range, the model stepped casting selected for the research is char-
acteristic of high material compactness and step thickness within 
the same range of values. To achieve this goal, a computer pro-
gram simulating the process of filling and solidification of casting 
has been used. High compactness of casting material in the re-
search which aims at finding relations between the microstructure 
and the ultrasonic control indexes is a crucial condition to elimi-
nate interaction from the factors that interfere with the results. 
Evaluation of the shape index, average number of graphite 
precipitations, as well as the velocity of the longitudinal ultrasonic 
wave on each step makes it possible to work out relations between 
the diversified microstructure and velocity of the ultrasonic wave. 
Such relations are the basis for non-destructive testing of casting 
microstructure [1-6]. 
 
2. Experimental conditions 
 
Tests were conducted with six stepped castings of a wall 
thickness 10 mm, 20 mm, 30 mm, 40 mm and 50 mm (Fig. 1). 
The castings were made of cast iron consisting of: 3.5%C, 
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0.0125%Cu, 0.0142%Ti, 0.058%Mg, 0.003%Ca, 0.005%Ce, 
0.0004%B, the rest Fe. The initial alloy was made in the gas 
rotary furnace. Spheroidization and modification were conducted 
with the elastic conductor method in the KDS-2 ladle of a 1000 kg 
capacity. Then, liquid metal was poured into the 80 kg ladles 
installed under an overhead conveyor; the forms placed on the 
transporter were filled in by the ladles. To diversify the micro-
structure of each casting, the forms were filled with the alloy 
taken from the KDS-2 as the time was passing. 
 
 
Fig. 1. Example castings for testing 
 
Metallographic tests were conducted on the castings to 
create the microstructure maps. The scheme of sampling has been 
presented in Figure 2. In the places marked (1, 2, 3) samples 
(slices) 10 mm thick and 10 mm wide were cut out. The samples 
were polished with abrasive paper of a granularity 150, 500 and 
1000. For finishing, a diamond suspension was used. Observation 
of the microstructure was conducted on non-etched polished 
sections using the Neophot 2 microscope fitted with 
VIDEOTRONIC CC20P and with the use of an advanced system 
image input and analysis MultiScan v. 08. 
 
 
Fig. 2. Scheme of cutting out samples of model casting for metal-
lographic tests 
The quantitative structural analysis consisted on evaluat-
ing the shape index of graphite precipitation Ss (defined as a 
quotient of surface area and the graphite precipitation square 
perimeter and the average number of graphite precipitation per 
one surface unit NA. For each sample, 500 graphite precipitation 
at 10 randomly selected fields of 0.15 mm
2 surface area were 
analysed. Particles larger than 10 Pm were analysed. 
Velocity of the ultrasonic wave was evaluated with the 
use of an Echometer 1073 VS and head 10.4/6 PB 4. Measure-
ments were taken in the areas marked in the diagram (Fig. 3). 
Figure 3 presents values of longitudinal ultrasonic wave veloci-
ties. 
 
 
Fig. 3. Places of measurement of a longitudinal ultrasonic wave 
 
3. Experimental results 
 
An example step material microstructure is presented in 
Fig. 4. Results of quantitative structural analysis and measure-
ments of ultrasonic wave velocities have been presented in Table 
1 and Figures 5-7. 
 
 
Table 1.  Measurement of graphite shape index Ss, average num-
ber of graphite precipitations per one surface unit NA 
and velocity of longitudinal ultrasonic wave cL in 
stepped castings 
Wall 
thickness, 
mm 
Measure-
ment 
place 
Graphite 
shape 
index Ss
Average number of 
graphite precipitations 
NA, mm
-2
Velocity of longi-
tudinal ultrasonic 
wave cL, m/s 
1 0,060  206  5631 
2 0,059  200  5625  10 
3 0,058  194  5620 
1 0,058  191  5619 
2 0,057  183  5617  20 
3 0,056  178  5615 
1 0,055  178  5613 
2 0,054  173  5612  30 
3 0,053  166  5607 
1 0,052  165  5605 
2 0,051  159  5603  40 
3 0,051  152  5597 
1 0,050  149  5595 
2 0,048  141  5592  50 
3 0,048  138  5586 
 
The results obtained indicate that together with the in-
crease of wall thickness the value of shape index Ss and the aver-
age number of graphite precipitations NA decrease. Such changes 
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velocity. 
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Fig. 4. Example cast microstructure in the area of wall of the 
following thickness: a) 10 mm, b) 20 mm, c) 30 mm, d) 
40 mm, e) 50 mm; 1, 2, 3 – places from which samples 
were taken for metallographic tests (Fig. 2) 
 
 
 
Fig. 5. Values of graphite shape index Ss in stepped castings 
 
Fig. 6. Values of average number of graphite precipitations NA in 
stepped castings 
 
 
 
Fig. 7. Distribution of longitudinal ultrasonic valve velocity cL per 
the length of casting step walls 
 
 
Relation between the shape index of graphite precipitation 
Ss and the velocity of longitudinal ultrasonic wave cL has been 
presented in Figure 8. 
 
 
Fig. 8. Relation between the shape index of graphite precipitation 
Ss and the velocity of longitudinal ultrasonic wave cL
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x The increase in wall thickness correlates with the decrease of 
shape
The expression describing the relation between the graph-
ite shape index Ss and the velocity of longitudinal ultrasonic wave 
cL has the following form: 
 
Ss = 0,0003cL – 1,64,   R = 0,98   (1)  NA
x Lowering the graphite shape index Ss and average number of 
graphite precipitations per one surface unit N
 
Relation between the average number of graphite precipi-
tations NA and the velocity of longitudinal ultrasonic wave cL has 
been presented in Figure 9. 
in longitudinal ultrasonic wave velocity cL. 
x The use of ultrasonic tests allow for quick and non-
destructive evaluation of cast microstructure, which should be-
ome widely used in the oper c
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